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This  report  deals  with  the  following  aspects  of  the  investigations 

i.  Paalaatn:- 

1.  Calibration  procedure 

2.  Partial  body  radiation  dosimetry 

3.  Total  body  radiation  dosimetry 

4.  Integral  dose  calculation 
3.  Oscillometric  technics 

II.  Radlolron  Studies  on  Hematopoiesis 

1.  In  vivo  technic  for  tagging  scrum  iron 
2  Studies  of  hematologic  disorders 

'tudles  of  cancer  patients  receiving  partial  body  radiation 
tudles  of  cancer  patients  receiving  total  body  radiation 

III.  Effect  of  Irradiated  Bloo<Lon  Hematopolesli 

1.  Irradiation  of  blood  in  extracorporeal  circulation 

2.  Transfusion  of  plasma  of  anlnals  previously  subjected  to  extracor¬ 
poreal  irradiation  of  blood  into  normal  animals. 

3.  Transfusion  of  irradiated  plasma  in  normal  dogs 

4.  Autotransfusion  with  irradiated  whole  blood  in  normal  dogs 

3.  Autotranafuaion  of  irradiated  whole  blood  in  human  cancer  patient 
with  microcytic  anemia 

IV.  Lethal  Total  Body  Radiation  In-JBafll 

v.  Clinical  Observations  on  Patients  Receiving  Total_RQd.vBad.UUQn 
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Information  Agency,  Document  Service  Center,  Knott  Building,  Dayton 
2,  Ohio,  and  may  be  obtained  from  that  agency  by  qualified  Investi¬ 
gators  working  under  Government  Contract. 
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1.  Doslirctr* 

l*A.  Calibration  of  the  2  MeV  radiation  unit  (Van  de  Graaff  generator) 
uatd  U  this  study*. 

a*  A  monitoring  ionization  chamber,  located  In  the  head  of  the 
Van  de  Graaff  generator  records  the  output  on  a  cumulative  r-meter  which  Is 
located  on  the  control  panel* 

b.  The  emulative  r  meter  is  calibrated  against  a  high  energy  type 
621  Vlctoreen  chamber*  The  output  in  air  as  measured  with  the  Victoreen 
chamber  at  81.7  cm.  with  a  10  x  10  cm.  field  size  at  this  distance  is  arbi¬ 
trarily  called  100  per  cent  for  all  dose  determinations* 

c.  The  cumulating  r-eieter  is  checked  against  tha  output  as  measured 
by  the  Ionization  chamber  at  the  treating  distance  of  81.7  cm.,  for  daily 
control  of  routine  partial  body  radiation  procedures  and  Is  also  checked 
before  each  total  body  radiation  procedure. 

d.  The  per  cent  of  output  lr  air  at  the  axis  of  rotation  is  checked 
before  each  total  body  procedure  using  the  rotating  chair* 

l.B*  Calibration  of  tha  220  XV  radiation  unit  (Westinghouse  C*  P.)  used 
In  previous  studies  Is  as  followss 

a.  A  model  70-2  Vlctoreen  medium  energy  chamber  is  used.  The  output 
measured  in  air  at  a  distance  of  20  an.  and  with  a  10  x  10  cm.  field  la  arbi¬ 
trarily  called  100  per  cent  (for  a  given  filter  and  a.a.) 

b.  The  output  it  checked  daily  and  the  time  for  a  prescribed  patient 
exposure  for  partial  body  radiation  determined  accordingly* 

c.  For  total  body  radiation  carried  out  with  this  unit,  the  exposure 
is  measured  with  the  Vlctoreen  at  300  cm.  at  the  surface  of  a  phantom.  This 
is  exposure  In  air  plus  backscatter. 
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Both  cne  H.  E.  and  M.  E.  Victoreen  chambers  are  checked  against  a 
radium  source  standard* 

2*  Partial  body  radiation 

The  calibration  valuo  for  output  in  air  as  above  described  for  the 
respective  machines  is  taken  to  be  one  hundred  per  cent.  The  values  for 
skin,  tissue  or  tumor  dose  are  routinely  determined  by  use  of  isodose  curves 
In  which  all  values  are  expressed  as  a  percentage  of  this  standard  calibration 
value. 

Depth  dose  or  absorption  studies  are  carried  out  with  either  a  press- 
wood  or  water  phantom  using  both  ionization  chamber  and  film  densitometer 
methods* 

For  the  ionization  chamber  method,  we  use  semi-remote  control  equipment 
which  permits  multiple  or  continuous  measurements  to  be  made  without  turning 
off  the  x-ray  unit* 

For  the  film  densitometer  method,  a  specially  designed  presswood  phantom 
permits  simultaneous  exposure  of  films  placed  at  different  depths  in  the 
phantom.  Also,  a  specially  designed  densitometer  permits  rapid  scanning  of 
the  exposed  film  for  quantization. 

Partial  body  radiation  dose  Is  expressed  in  roentgens  delivered  in  a 
stated  elapsed  time,  a  single  value  for  the  amount  of  radiation  at  the  tumor 
site.  Such  a  single  value  is  meaningful  only  for  purposes  of  prescription 
and  comparison  if  known  conventions  are  being  followed.  Cur  records  include 
dimensions  and  dose  distribution  diagrams  for  re-evaluation  at  a  later  date, 
e.g.,  to  translate  roentgens  to  rads  or  to  Integral  dose. 

3.  Total  body  radiation 

The  geometry  is  dictated  by  the  dimensions  of  the  treatment  rooa  and  the 
output  of  the  machine.  The  treating  distance  must  be  great  enough  that  the 
entire  patient  is  Included  in  the  dl/erglng  beam.  It  oust  be  short  enough 
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that  tht  output  and  th«  time  necessary  to  complete  the  treatment  Is  practical 
and  considerate  of  the  patient* 

A.  With  patient  stationary  In  the  beam  of  radiation. 

When  total  body  radiation  is  carried  out  with  the  220  tCV  unit*  the 
maximum  target-patient  distance  Is  300  cm.  With  1  ram.  Cu.  and  1  mm.  A1  added 
filtration,  the  Hvl.  in  tissue  is  11.6  cm.  (Fig.  1).  The  output  is  2.3  r 
per  minute* 

The  patient  is  customarily  treated  while  lying  on  his  side  on  a  stretcher 
facing  either  to  or  away  from  the  x-ray  machine.  If  only  a  single  dose  of 
radiation  Is  planned,  half  the  exposure  will  be  made  to  the  anterior  aspect 
of  the  body  and  half  to  the  posterior  aspect.  If  multiple  small  doses  of 
radiation  protracted  over  a  period  of  time  are  planned,  then  the  patient  may 
be  treated  anteriorly  and  posteriorly  on  successive  treatment  visits. 

For  2  million  volt  radiation,  ill  or  weak  patients  may  be  treated  in  a 
stationary  position,  lying  on  a  stretcher  as  above  described.  Treatment  will 
be  carried  out  at  400  cm.  distance  where  the  cross  section  of  the  beam  has 
a  maximum  dimension  of  120  cm.  The  output  at  this  treatment  distance  is 
4.5  r  measured  in  air* 

For  both  220  KV  radiation  and  2  MeV  radiation,  when  the  patient  is 
treated  in  the  stationary  position,  the  dose  is  recorded  as  the  dose  at  the 
surfrce  of  the  patient  plus  backscatter.  Dose  Is  recorded  in  this  manner 
because  initial  measurements  are  made  in  this  fashion  with  a  phantom  and  dose 
can  be  checked  during  treatment  with  an  ionization  chamber  in  place  on  the 
patient’s  skin. 

B.  Total  bcdy  radiation  with  the  patient  rotating  in  the  beam  of  radiation* 

This  procedure  is  carried  out  only  with  the  2  MeV  x-ray  generator.  The 

patient  is  seated  on  a  light  rotating  chair  with  the  axis  of  rotation  4  meters 
from  the  tube  target  of  the  x-ray  machine.  The  rate  of  rotation  is  one  revo¬ 
lution  per  minute* 


For  thla  procedure,  do*e  i»  recorded  In  roentgen*,  measured  In  air,  at 
the  axl*  of  rotation*  The  chief  justlf lcatlon  for  thl*  1*  that  the  measure¬ 
ment  can  be  duplicated  and  the  exposure  can  be  similar  for  different  patient*. 

The  data  1*  available  for  a  more  meaningful  expression  of  dose  to  patient 
when  agreement  Is  reached  on  this  aspect. 

4.  Integral  dose 

A  number  of  published  and  unpublished  methods  have  been  evolved  for 
estimating  Integral  dose  In  radiation  therapy.  The  data  are  usually  presented 
in  graph  form  ae  a  plot  of  gram-roentgens  /  roentgens  measured  In  air  /  sc^iare 
centimeter  of  body  presenting,  against  tha  thickness  of  the  part  of  body 
being  Irradiated.  Such  graphs  are  prepared  for  a  given  quality  of  radiation 
and  are  valid  under  restricted  conditions.  The  approximations  Involved  are 
plausible  for  large  fields  and  large  target-to-patlent  distance  as  obtain  with 
total  body  patients.  Such  a  curve  for  2  MeV  quality  x-rays  Is  Included  (Fig.  2). 

Direct  calculation  of  integral  dose  for  total  body  radiation  would 
require  an  impractical  number  of  measurements  and  assumptions.  The  solution 
we  have  derived  Is  based  on  the  approximation  that  body  weight  averages  one 
gram  per  cubic  centimeter.  Particularly  for  rotation  therapy,  thickness  of 
patient  can  be  expressed  as  an  average  value. 

Then,  -  h  x  t  x  t  =  V  or  t  “  ^  V/^i 
Where,  -  t  =  thickness 
h  =  height 

V  =  volume  or  weight  in  grams 

ht  =  area  of  body  surface  presenting  toward  the  x-ray  source. 

This  la  the  area  in  square  centimeters.  This  number  nultiplled  by 
N  (gram-roentgens  /  roentgen  of  exposure  in  air)  is  the 
ordinate  In  the  graph  In  Fig.  3. 


The  Integral  dose  1^  s  h  a  t  x  t!  *  £  gram-roentgen  /  roentgen  air 
doae  at  axis  a*  rotation  for  the  2  MeV  unit. 

Hara  E  la  a  factor  which  correct*  for  tha  fall~off  of  beam  Intensity 
toward  the  edge*  and  compensates  for  lo*«  of  energy  Mattered  from  the 
patient* 

Tha  total  integral  dose  (lt) 

It  =  hxtxNxExR  ga.  r* 

R  =  tha  number  of  roentgen*  given  to  air  or  aurfaca  a*  dictated 
by  tha  conditions  for  which  tha  graph  was  computed* 

Tha  procedure*  for  Integral  dose  then,  area 

1)  Tha  ga.  r  /  r  /  cm2  v.s.  t  graph  is  constructed  by  usa  of  the  expression 

1  =  1.44  0  x  *  x  dj  (1  ♦  R  x  d$^F  ♦  000) 

Where,  -  D  *  1  roentgen 
A  =  1  cm2 

di  is  found  experimentally 
R  and  F  are  known 

I  la  summed  up  from  0  thickness  to  t* 

2)  It  =  hxtxNxExR  ga*  r* 

3)  It  =  hxtxNxExRxQ  rads  -  Q  varies  with  quality  of  radiation  beam 


PAGES  / 

ARE 

MISSING 

IN 

ORIGINAL 

DOCUMENT 


* 


In  six  subjects  in  whom  the  livlvo  end  the  In  vitro  tagging  techniques 
have  been  carried  out  on  the  saue  da>,  we  have  demonstrated  to  our  own  satis¬ 
faction  that  the  plasma  Iron  disappearance  curves  are  identical  in  slope  and 
the  dilution  volumes  agree  within  7  S$.  These  results  are  sunarlxed  in 
Table  1. 

Using  the  simplified  in  vivo  tagging  technique,  normal  subjects  were 
studied  in  the  following  manner* 

a)  IWo  studies  were  carried  out  at  several  weeks  or  months  interval  la 
16  subjects.  The  variation  of  the  rate  of  plasma  Iron  disappearance  was 

. ound  to  be  within  7  3QK.  One  example  is  shown  in  Fig*  4* 

b)  Three  consecutive  measurements  of  plasma  iron  disappearance  rate  in 
12  hours  were  curled  out  in  6  subjects.  The  variation  is  within  7  3C0C.  One 
examp!. e  *e  shown  in  Fig*  3* 

2.  Studies  of  hemotologlc  disorders* 

Several  hundred  studies  have  been  carried  out  in  patients  with  various 
hematologic  disorders*  Sevaral  cases  of  speclel  interest  icerlt  presentation* 

Case  1.  S.  S.  W/F  Age  70  #3234-* 

History*  This  patient  was  found  to  have  pernicious  anemia  while  she  wes 
being  treated  for  obstructive  Jaundice  in  hospital*  Radioiron  turnover  studies 
were  preformed  before  specific  therapy  was  lnstluted,  during  vitamin  Bjj  therapy 
when  the  patient  was  making  a  satisfactory  recovery,  and  after  complete  remission 
was  obtained*  The  pertinent  data  from  these  studies  are  sunnarlzed  In  Table  2. 

Comments  The  purpose  in  presenting  this  case  is  only  to  illustrate  the 
sensitive  and  precise  relation  between  iron  metabolism  and  disease  that  can  be 
demonstrated  by  radioiron  studies.  Radioiron  studies  tueasure  two  rates*  the 
rate  of  plasma  Iron  disappearing  from  the  plasma  Iron  pool  and  the  rate  of  in¬ 
corporation  of  Iron  In  the  red  cells.  The  first  is  an  indirect  and  the  second 


a  direct  measure  of  the  functional  status  of  bone  marrow  erythropoleais. 

Ordinarily  these  two  rates  are  parallel.  Thus,  they  are  both  Increased  In 
anemias  due  to  Iron  deficiency  or  blood  losr  and  In  polycythemia.  On  the 
other  hand,  they  are  both  decreased  In  anemias  due  to  bohe  narrow  hypoplasia 
of  whatever  etiology. 

In  pernicious  anemia,  as  in  the  case  presented  here,  the  rate  of  disep* 
pearance  is  increased  while  the  rate  of  incorporation  is  decreased.  This 
paradoxical  dissociation  Is  a  reflection  of  the  basic  pathophysiology  of 
pernicious  anemia,  namely  maturation  arrest  and  inability  to  incorporate  iron 
in  the  final  steps  of  erythropoiesis. 

The  remarkable  speedy  hematologic  recovery  following  vitamin  Bj2  therapy 
it  accompanied  by  the  development  of  a  rather  marked  degree  of  hypoferreaie. 

As  the  maturation  process  is  returning  to  noraal,  the  utilization  or  Incorporation 
of  iron  Is  greatly  speeded  up.  This  lowers  the  serum  iron  concentration  which 
in  turn  further  stimulates  the  rate  of  serum  iron  disappearance. 

When  the  patient  has  achieved  complete  remission  with  the  addition  of 
iron  therapy,  normalcy  of  erythropoietic  function  is  reflected  by  the  results 
of  the  third  study. 

From  the  physiologic  point  of  view,  these  studies  with  radioiron  have 
provided  information  accurately  protraying  the  pathologic  distrubances  in 
pernicious  anemia  and  the  physiologic  adjustsent  in  response  to  vitamin  B12 
and  iron  therapy. 

Case  2.  C.  S.  Mexican/*  Age  15  *CE-9229 

This  patient  was  admitted  to  the  hospital  with  a  diagnosis  of  congenital 
heart  disease  involving  tricuspid  valve  and  a  probable  right  left  shunt.  He 
had  Intense  cyanosis  since  birth  and  chronic  congestive  failure  on  and  off 
for  several  years.  Hematologic  studies  revealed  a  marked  degree  of  secondary 
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polycythemia.  Radioiron  study  showed  markedly  increased  rate  of  disappearance. 


a  rapid  incorporation  of  tenw  iron  and  a  lower  plasma  Iron  concentration, 
conalatent  with  polycythemia.  These  data  are  summarized  in  Table  3  and  Figures 
6  and  7. 

Case  3.  M.  B.  n/H  Age  23  #QM166 

Historys  This  patient  was  admitted  to  the  polio  ward  as  a  case  of  post¬ 
polio  hypoventilation  syndrome.  One  year  previously  he  had  had  acute  anterior 
poliomyelitis  with  muscular  paralysis  Involving  the  dlaphraga  ard  below.  He 
recovered  sufficiently  to  become  anbulatory  after  3  months  hospitalization  and 
went  to  Mexico  City  to  live  with  his  sister.  As  he  increased  his  physical 
activities  there,  he  soon  developed  narked  cardiac  and  respiratory  symptoms  with 
the  findings  of  severe  secondary  polycythemia.  After  3  weeks  treatment,  his 
symptoms  gradually  subsided,  even  though  the  hematologic  evidence  of  polycy¬ 
themia  was  unchanged.  These  are  shown  in  Table  3.  The  radioiron  study  perfoxmed 
at  this  time,  3  weeks  after  admission  to  the  hospital,  seeamd  at  odds  with  the 
peripheral  blood  picture.  There  was  a  normal  disappearance  half  time  and  a 
narkedly  decreased  rat*  of  red  cell  uptake.  These  data  are  shewn  in  Figures 
6  and  7. 

The  patient  continued  to  Improve*  His  vital  capacity  Increased  to  2600  ee. 
and  his  polycythemia  subsided  completely  in  the  course  of  6  weeks  of  observation 
following  tha  initial  studies.  These  data  are  also  shown  in  Table  3. 

Comment!  These  two  cases  of  secondary  polycythemia  are  presented  together 
to  demonstrate  the  usefulness  of  radioiron  turnover  studies  in  detecting  the 
distinguishing  significant  variations  in  iron  metabolism  in  hematopoiesis.  The 
degree  of  erythemla  in  these  patients  as  revealed  by  the  red  cell  counts  and 
hemoglobin  levels  is  quite  similar.  Radioiron  studies  in  the  boy  with  cyanotic 


congenital  heart  disease  are  in  order  but  the  findings  in  the  second  patient 
see*  quite  incompatible  with  the  degree  of  erythremia  which  was  present* 
However,  the  patient  had  been  at  rest,  at  the  sea  level  altitude  of  Houston, 
and  in  •  respirator  for  3  weeks.  The  stimulus  of  anoxia  and  the  demand  for 
increased  hematopoiesis  had  been  withdrawn.  The  no real  disappearance  half 
time  end  the  sluggish  red  cell  uptake  of  serua  iron  indicate  relative  Inactivity 
of  the  bone  narrow,  even  though  it  was  six  weeks  before  the  henatologlc  ab¬ 
normalities  finally  returned  to  normal  levels.  Froa  a  prognostic  point  of 
view,  the  tracer  iron  study  anticipated  the  eventual  recovery  six  weeks 
prior  to  recovery. 

These  case  studies  are  presented  here  to  show  the  remarkable  sensitivity 
of  the  radio-iron  study  in  detecting  functional  changes  of  erythropolesie  which 
generally  antedate  changes  in  the  numbers  of  red  cells  or  the  concentration  of 
hemoglobin  by  several  weeks  as  measured  by  the  more  conventional  methods  of 
study* 


3.  Studies  of  cancer  patients  receiving  partial  body  radiation* 

The  effects  of  limited-field  roentgen  therapy  on  the  plasms  iron  disap¬ 
pearance  rate  has  been  studied  In  many  of  our  cancer  patients  treated  at  the 
Jefferson  Davis  Hospital.  In  these  studies,  the  plasma  iron  disappearance 
rate  of  individual  patients  was  determined  before  the  commencement  of  radiotherapy 
and  repeated  after  the  completion  of  the  prescribed  treatment*  The  results  of 
these  two  studies  are  compared,  the  pre-treatment  data  serving  as  the  norm  in 
each  individual  case. 

The  data  from  38  patients  are  summarized  in  Fig.  8.  The  effect  of 
radiation  on  plasma  iron  disappearance  half  time  is  expressed  as  per  cent  of 
the  non*,  or  the  pre-treatment  disappearance  half  time.  This  is  plotted  against 
the  absorbed  dose  of  radiation  in  riegagram-roentgens.  A  consistent  correlation 
is  not  found. 


4*  Studies  of  cancer  patients  receiving  total  body  radiation. 

Two  groups  of  patients  receiving  whole  body  radiation  hive  been  studies. 

1)  In  the  first  group  of  pet lent*,  the  plasma  iron  disappearance  rate  or 
half  time  was  determined  before  «4iole  body  radiation  was  given  and  repeated 
on  several  succesalve  days.  The  post-radiation  changes  are  expressed  as 
per  cent  of  the  pre-treatment  half  time.  This  group  consisted  of  17  patients 
receiving  200r  in  1  treatment,  2  patients  receiving  2  treatments  of  200r  at 
3  and  3  week  intervals,  1  patient  receiving  200r  and  1003  with  3  weeks  interval. 

2  patients  receiving  3  treatments  of  30r,  1  patient  receiving  10  treatments 

of  33r,  and  3  patients  receiving  100,  123,  and  ISOr  respectively.  The  results 
are  shown  in  figure  9. 

It  Is  apparent  that  in  all  except  one  patient  there  was  a  slowing  of  the 
rate  of  plasma  iron  clearance.  The  effect  appears  to  be  maximal  between  48 
and  72  hours  after  the  exposure  and  is  followed  by  a  return  to  normal  in  about 

one  week. 

In  this  study  it  was  not  practicable  to  measure  the  maturation  time  or 
the  rate  of  rad  call  uptake,  because  of  the  consecutive  administration  of 

3  or  4  tracer  doses  within  3  to  7  days. 

Normally  a  major  portion  of  plasma  iron  leaving  the  plasma  pool  gots  to 
the  bona  marrow,  and  the  rata  of  claaranca  la  for  the  most  part  governed  by  the 
functional  requirement  of  erythropolesls.  However,  the  plasma  Iron  pool  is  else 
In  equilibrium  with  the  storage  depots,  and  plasma  iron  may  be  shunted  to  the 
liver  or  cpleen  at  increased  rate  under  certain  conditions,  such  as  infectious 
diseases.  Further,  as  shown  in  the  cast  of  pernicious  anemia  presented  above, 
the  disappearance  of  plasma  iron,  while  auggastlve  of  bona  marrow  depression, 
la  therefore  not  conclusive  evidence  unless  corroborated  by  parallel  changes  in 
red  cell  uptake. 
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2)  In  the  second  group  of  five  patients  the  effect  of  whole  body  radiation 
upon  the  uptake  of  tracer  iron  by  red  cell*  wai  Investigated.  These  patient* 
received  lOOr  at  one  session.  8ecause  of  the  transient  depression  occurring 
between  2-3  days  after  radiation  demonstrated  in  the  first  series  of  experi¬ 
ments  i  the  radlolron  »tudy  was  carried  out  around  this  time.  The  red  cell  uptake 
was  repeatedly  determined  In  a  period  of  two  weeks  following  administration  of 
the  tracer.  The  results  are  shown  In  Fig.  10.  The  total  uptake  was  not  af¬ 
fected.  The  maturation  tine  was  likewise  within  normal  limits. 

Comment i  Several  possible  explanations  may  be  offered  for  these  negative 
results. 

1.  With  the  amount  of  radiation  (lOOr)  given  to  these  patients*  therm 
may  have  been  no  effoct  on  iron  metabolism  or  erythropoietic. 

2.  The  effect  of  radiation  may  not  have  developed  during  the  period  of 
observation  -  2  weeks  post-radiation.  The  short  term  observation  was  chosen 
in  an  attempt  to  detect  if  there  was  any  functional  abnormality  In  an  early 
phase  before  the  development,  of  recognizable  anemia.  For  total  body  radiation 
of  the  order  of  lOOr,  no  early  effect  it  apparent  in  utilization  of  iron  In 
red  cell  manufacture. 

3.  Factors  other  than  dote  and  timing  nay  influence  or  obscure  the  effects 
of  whole  body  radiation  on  iron  turnover  patterns  for  patients  with  advanced 
mallonan*  diseases  and  various  complications.  Many  of  these  patients  havm 
varying  degrees  of  malnutrition,  anemia,  ?r  Insufficiencies  in  hepatic*  renal* 
or  cardiac  functions  which  juy  be  subellnieal  and  difficult  to  evaluate.  Their 
totel  influence  o.i  erv^hropoiesis  (or  any  other  body  function)  may  be  appreciable 
but  seldom  quantitatively  measure 'ble  in  a  controlled  manner. 


T 
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1.  Irradiation  of  blood  In  extra-corporeal  circulation. 


This  procedure  wee  described  in  tho  report  submitted  for  the  porlod 


ti.ding  September  1,  1957. 


In  the  court#  of  studying  tho  offocta  on  circulation  In  tho  dog.  of 


heart-lung  preparation,  advantage  waa  taken  of  the  opportunity  to  lrradlato 


intensively  the  blood  of  the  animal  at  it  waa  circulated  outside  tho  body. 


In  10  animals  so  studied  the  white  blood  coll  count  showed  an  Initial  depression 


during  the  first  2  hours,  followed  by  recovery  and  elevation  beyond  nortaal 


for  some  weeks.  This  prolonged  elevation  was  not  teen  in  animals  subjected 


to  trausu  of  tho  extra-corporeal  circulation  without  irradiation. 


2.  Transfusion  of  plasaia  of  5  dogs  previously  subjected  to  extra-corporeal 


irradiation  of  blood  into  nortaal  dogs. 


Five  dogs  were  subjected  to  irradiation  of  blood  in  extra-corporeal 


circulation.  Blood  was  withdrawn  by  cardiac  puncture  into  glsst  transfusion 


bottles  containing  120  cc.  of  A.C.D.  anticoagulant  and  stored  in  refrigeration 


until  used.  The  plasaia  was  separated  by  centrifuging  and  withdrawing  by  vacuus 


into  250  cc.  plasma  transfusion  bottles.  This  plasaa  ,-»as  than  given  intra¬ 


venously  into  5  normal  dogs  and  obttrvationa  aada  on  white  blood  cell  count. 


red  blood  cell  count  end  hemoglobin  over  e  period  of  150  deye. 


The  white  blood  cell  count  showed  an  immediate  depression  (Fig.  11) 


followed  by  a  rather  emtlc  rise  beyond  pre-treatment  levels*  A  longer  period 


of  observation  before  transfusion  might  indicate  whether  thr*  observe^,  fluctuation!  v 


were  significant  but  the  first  impression  is  that  no  clear  effect  on  white  blood 


cell  count  resulted  from  transfusion  with  plasma  of  dogs  who  received  extra¬ 


corporeal  blood  Irradiation. 


. ,\  w» 
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The  response  of  rod  blood  cell  count  (Fig.  12)  and  hemoglobin  (Fig.  13) 
•bowed  a  change  that  was  aufflclently  consistent,  marked  and  prolonged  to 
msrlt  cloae  atudy*  All  doga  showed  an  elevation  of  red  blood  cell  count  of 
30  to  100  per  cent*  and  of  hemoglobin  of  15  to  30  per  cent  above  pre-treatment 
levels  persisting  far  a  period  in  excess  of  3  month*. 

Khan  these  doga  had  been  under  observation  for  24  to  69  days  after 
receiving  the  transfusion  of  plasma,  radio  Iron  turnover  studies  were  done, 

TWo  control  dogs  Disappearance  half  time  Incorporated  into  R3C 

8  days  14  days 

#1  38  min. 

91  41  aln. 

five  dogs  receiving  plasma 
from  extracorporeal ly 
Irradiated  dogs. 


hi 

24  days  after  Rx 

92  min. 

72.4% 

74.3% 

n 

40  • 

•  1* 

37  min. 

74.  «C 

83.3% 

#3 

40  " 

m  m 

70  min. 

80.9% 

81.& 

#4 

66  - 

•  m 

37  min. 

91.0% 

94.4% 

Hi 

69  * 

m  m 

58  min. 

83.4% 

93.3% 

The  prolonged  disappearance  half  time  in  association  with  a  persistent 
elevation  of  red  blood  cell  count  and  hemoglobin  resembles  the  plcturo  en¬ 
countered  In  patients  recovering  from  a  stcondary  polycythemia. 

3.  Transfuelon  with  Irradiated  plasma  In  normal  doga. 

For  reasons  of  convenience,  observations  were  made  to  determine  idiether 
simple  withdrawal  of  blood,  Irradiation  of  the  withdrawn  blood  and  transfusion 
into  a  second  dog  of  the  separated  plasma  would  produce  a  similar  elevatloo 
of  red  blood  count  and  hemoglobin  values. 


IT)*  steps  In  the  procedure  a«ni 

1)  Cardiac  exsangulnatlem 

2)  Irradiation  of  the  withdrawn  blood  to  10,000r 

3)  Separation  of  plasma  after  24  hours 

4)  Transfer  of  Irradiated  plasma  to  a  second  normal  dog. 

The  resulte  of  this  procedure  In  3  dogs  is  shown  In  figures  14.  15  end 

16.  The  red  cells  and  hemoglobin  values  again  show  consistent  elevations 
persisting  for  over  3  months. 

4.  Autotransfusion  with  irradiated  whole  blood  in  noraal  dogs* 

The  procedure  here  was  *s  follows* 

1)  Arterial  blood  withdrawn  by  cannula  froa  femoral  artery 

2)  lamed late  irradiation  of  withdrawn  blood  to  15,000r  (20  minutes  irradiation) 

3)  Autotrans fusion  begun  within  on#  hour  of  Initial  withdrawal  of  blood. 

One  of  these  animals  (#9)  lost  200  cc.  of  blood  when  the  arterial  cannula 

was  dislodged  and  autotransfusion  was  carriad  out  with  320  cc.  of  lrradiatad 
blood.  Thar#  was  an  initial  fall  of  red  blood  cell  count  within  the  flret 
24  hours,  followed  by  a  rlsa  (13C  above  pre-treatment  level)  at  3  day*,  with 
e  gradual  return  to  normal  at  5  weeks.  The  initial  fall  In  hemoglobin  at  24 
hourt  wat  followed  by  a  rite  to  Sf  above  pre-treatment  level  at  48  hours,  with 
a  gradual  return  to  noraal  at  5  weeks.  The  second  dog  (#10)  showed  a  marked 
elevation  of  red  blood  cell  count  and  a  persistent  slight  elevation  of  hemoglobin 
above  pre-treatment  levels.  These  data  are  shown  In  figures  17,  13,  and  19. 

5.  Autotransfusion  with  Irradiated  whole  blood  In  human  cancer  patient 
with  wicrocytlc  anemia. 

Case  4.  8.  B.  C/Vk  Age  71  #DE-3369 

Hlstoryi  This  pstlent  first  came  to  the  hospital  in  1956  complaining  of 
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swelling  of  hi*  abdomen.  H*  was  found  to  have  a  filling  defect  on  th#  greeter 
curvatura  of  th*  stomach,  praaunad  to  ba  a  neoplasm.  Peritoneal  fluid  showed 
probably  nallgnant  call*  and  a  <aata  could  ba  fait  through  th*  abdoralnal  wall. 

Radiation  tharapya 

October  25,  1956  -  100  ate.  radiogold  instilled  in  parltoneal  cavity. 

February  28,  1957  -  lOOr  total  body  radiation  (rotation  technic,  2  M*V 
Van  da  Graaff). 

July  30,  1957  -  148  nc.  radiogold  instilled  in  peritoneal  cavity. 

January  30,  1950  -  500  ce.  of  patient's  blood  was  withdrawn  under  sterlls 
conditions*  th  t  blood  was  irradiated  by  the  Van  da  Graaff  machine  to  a  level 
of  5,000r  (measured  at  surface  of  the  blood  in  the  container).  Th*  blood  was 
then  re-transfused  to  th*  patient. 

Clinical  coursai  Following  the  first  instillation  of  radiogold  in  the 
peritoneal  cavity,  the  patient  did  not  require  paracentesis  for  five  months. 

After  receiving  lOOr  total  body  radiation,  there  were  no  untoward  symptoms, 
the  hospital  course  was  uneventful  and  he  was  discharged  3  days  after  treatment. 

The  pre-treatment  level  of  white  blood  count  ranged  from  5,000  to  7,000  pear 

e 

cubic  millimeter*  after  total  body  radiation  it  was  3,000  to  5,000.  Fluid 
gradually  re-accumulated  and  the  patient  required  further  paracentesis.  The 
second  adblnlstratlon  of  radiogold  had  much  less  affect  In  accumulation  of 
ascitic  fluid  than  the  first  instillation.  In  September  1957,  the  patient  wet 
admitted  to  hospital  and  an  exploratory  laparotomy  was  done.  Biopsy  of  peritoneal 
seeding*  showed  mucinous  carcinoma,  probable  site  of  origin  in  colon.  Following 
this,  there  was  again  slow  accumulation  of  ascitic  fluid  but  he  did  not  require 
paracentesis. 
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In  tho  tlx  aontha  prior  to  the  autotransfuslon,  hit  hemoglobin  had  not 
boon  recorded  above  9.9  y*t*  per  cent  and  was  7.7  gat.  par  cent  »t  the  tl»e  of 
transfusion.  After  transfusion,  his  hemoglobin  rose  to  10  gas.  per  cent  In 
12  days  and  his  white  blood  cell  count  rose  to  the  gonral  level  between 
5,000  and  7,000  per  cubic  millimeter.  His  red  count  varied  between  the  pre- 
treatxent  levels  of  3,560,000  to  4,200,000  during  the  two  weeks  following 
transfusion.  By  the  time  one  Month  had  elapsed,  the  hemoglobin  had  fallen 
back  to  9.3  gas.  per  cent  and  the  white  blood  count  had  again  fallen  to  the 
previous  level  of  3,COO  to  5,000  por  cubic  allllaeter  (fig.  20). 

Cooeenta  The  prompt  rise  of  3  gas.  per  cent  of  hemoglobin,  and  of  the 
white  blood  count  to  original  levels  for  the  first  tlae  in  over  a  year,  merit* 
further  study.  This  aay  well  be  e  non-specific  reaction  associated  with  auto¬ 
transfusion  procedure  or  It  nay  be  a  response  to  an  altered  plasma  fraction 
ae  a  result  of  irradiation.  Thera  is  need  to  coop art  the  affect  of  unirradisted 
autotransfusion.  If  further  autotranafuaions  to  hsssn  subjects  sustain  the 
Interest  In  this  affect,  plesma  electrophoresis  or  assay  of  the  various  plasma 
fractions  can  help  to  isolate  the  responsible  factor. 


Purpose*  To  find  a  uniformly  lethal  dose  of  irradiation  in  doga  which 
could  bo  relied  upon  to  daatroy  conplotoly  tha  bona  narrow  for  tho  subsequent 
purpoao  of  giving  heterologous  bona  narrow  transplants. 

Matorialaa  Doga  wara  aolactod  in  tha  waight  ranga  of  8  to  14  kilograms. 

Bona  narrow  and  peripheral  blood  apaclnana  war#  obtained  bafora  irradiation 
and  the  dog  was  than  givan  total  body  radiation  on  a  rotating  platfona  with 
tha  2  MaV  Van  do  Graaff.  Iho  doga  wara  than  subjected  to  bona  narrow  and 
peripheral  blood  testa  ianadlataly  following  radiation  and  at  24  hour  intarvals 
for  tho  remainder  of  Ilf*. 

Doaagoi  Iho  fir  at  group  of  3  dogs  wero  given  150r,  450r  and  600r 
roapactivaly  (2  HeV  irradiation,  inherent  filtration,  6*8  on  Pb. ,  treatnent 
distance  3  waters,  Hvl.  20  cw.  tissue).  At  ten  days  all  were  alive  and  only 
tha  one  with  600r  showed  evidence  of  the  irradiation.  This  was  manifest  by 
a  gross  blooding  tendency  around  the  guns  and  tongue  and  a  failure  to  heal 
with  slough  of  an  araa  of  heaiatona  on  the  left  hind  lag  at  the  site  of  the 
vena  puncture.  This  dog  was  sacrificed  on  the  eighth  day  and  still  showed 
active  bone  narrow,  lha  other  two  dogs  renalned  well.  The  one  receiving  130r 
was  discarded.  Iho  dog  with  450r  was  sacrificed  on  the  9th  day  and  the  spleen 
and  adrenal  glands  wore  sent  for  sections  as  yet  unreported. 

The  second  group  of  three  dogs  ware  all  given  l,000r.  One  of  these  died 
during  anesthesia.  The  other  two  died  within  3-4  days  of  intercurrent  infection. 
Tho  bone  narrow  and  peripheral  blood  counts  on  these  dogs  showed  only  minor 
deviation  downward  within  the  period  of  their  lives.  At  death  there  were  still 
na.  'y  forias  of  apparently  viable  cells  in  bone  narrow.  It  was  felt,  however, 
that  tM  dose  of  l,000r  was  too  high. 


The  seventh  dbg  received  BOOr  In  the  its*  manner  with  factors  as  followss 
2  M«V  radiation,  inherent  filtration  6.8  m.  Pb. ,  treatment  dlstanea  2  meters, 
Hvl.  20  cm*  tissues,  dallvary  rata  l?r  par  IOC  metered.  This  dog  lived  9  days. 
Bona  marrow  findings  can  be  summarized  as  follows* 

1.  Almost  immediate  disappaaranca  of  all  lytaphoid  elements  within  two  days 
of  total  body  radiation. 

2.  Gradual  diminution  in  the  granulocytic  elements  and  ary thro Id  elements  to 
the  tins  of  death. 

3.  Evidence  of  remaining  aetiva  blood  forming  cells  at  the  tine  of  death. 

Comment*  Death  of  all  the  animals  seemed  to  be  a  combination  of  htaorrhage 
and  Infection.  These  animals  were  not  given  antibiotics  during  the  course 
of  the  study  so  as  not  to  preclude  any  clouding  of  the  results. 

Although  there  were  active  blood  forming  celle  found  at  death,  these 
may  wall  be  non-vloble  ones  soon  la  die.  With  the  bleeding  and  infection, 
death  may  have  occurred  before  actual  aplasia  of  the  narrow.  In  further 
observations  on  lethal  doses  of  total  body  radiation,  an  attempt  will  ba 
made  to  sustain  the  animal  by  antibiotics  and  supportive  treatment  so  that 
maximum  depression  of  bone  narrow  can  be  observed. 

There  was  one  further  dog  irradiated  with  800r  (rotation  nethod,  2  MeV 
radiation,  inherent  filtration  6.8  nrn.  Pb.p  treatment  distance  2  meters,  Hvl. 

20  cm.  tissues).  Results  in  this  dog  compare  in  all  but  two  respects  with  the 
previous  dog.  1)  The  drop  In  white  count  was  not  evident  until  after  the  first 
day  following  irradiation  but  fell  to  133  at  the  time  of  death  on  the  10th  day. 
2)  There  was  no  evidence  of  immediate  rise  in  platelet  at  the  end  of  treatment. 
The  elevation  in  hemoglobin  and  red  count,  and  the  duration,  were  the  same  as 
the  previous  dog.  Response  of  both  animals  is  illustrated  in  Figure  21. 
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V.  Clinical  Observations  on  Patients  Receiving  Total  Body  Radiation. 

In  reviewing  record*  of  patient*  who  have  received  total  body  radiation* 
there  have  been  instances  where  the  effect  of  an  amount  of  radiation*  believed 
well  within  the  limits  of  tolerance*  ha*  been  excessive  or  augmented  by  other 
factors.  The  question  whether  this  Is  an  inherent  difference  in  sensitivity 
or  resistance  to  radiation  or  whether  this  is  the  result  of  concomitant  disease 
or  constitutional  condition  which  increases  the  sensitivity  to  radiation  re¬ 
mains  unanswered  in  most  cases.  Two  examples  of  this  are  outlined  in  detailed 
case  histories* 

Case  5.  I.  S.  101  Agei  65  #AE-824l 

History*  This  elderly  but  vigorous  Independent  farmer  had  a  submandibular 
eass  for  about  one  year  before  It  was  finally  diagnosed  as  lymphosarcoma* 
lymphocytic  type  on  October  18,  1956.  By  this  time  he  had  developed  a  generalised 
lynphadenopathyj  bone  marrow  studies  were  within  normal  limits  and  showed  no 
lymphosarcoma.  His  hemoglobin  was  10.3  gm.  per  cent*  WBC  was  4*000  at  this 
time.  Because  the  patient  had  to  travel  some  40  miles  to  get  to  the  hospital* 
driving  himself  in  a  farm  truck,  his  treatment  schedule  was  somewhat  irregular. 

Radiation  therapy*  October  30  -  November  9,  1956  -  Local  treatment  to  the 
right  inguinal  region  and  to  the  left  axilla,  350r  skin  dose  to  each  site  (2SOKv 
radiation,  Hvl.  3.2  rrnu,  Cu.,  field  sire  10  x  15  cm.).  January  14  -  July  22,  J957 
total  body  radiation,  241r  total.  This  was  given  in  17  treatments  of  10  to  20r 
each  (the  first  3  were  10.5r  each  and  the  last  8  were  10. 5r  each  and  the  other 
6  were  21r  each),  irregularly  spaced  through  this  period.  (7his  total  body 
radiation  delivered  at  220  Kv.,  Hvl.  1  mm.  Cu.,  treatment  distance  300  cm.* 
output  1  r  per  minute.  The  dose  was  measured  at  the  surface  of  the  patient* 
incident  radiation  plus  backscatter).  During  the  interval  of  his  total  body 
irradiation,  he  received  2  single  treatmentsi  one  of  which  was  to  the  right 


Inguinal  region,  through  an  8  x  12  ex.  field,  282  r  tumor  due  in  a  single 
treatment.  7he  other  was  to  the  left  submandibular  area  through  a  10  x  15  ex. 
field,  700  r  tumor  dose  In  a  single  treatment.  The  relationship  of  the  blood 
counts  to  treataent  th roughest  this  period  Is  given  In  figure  22, 

Clinical  courses  The  palpable  lymphadenopathy  always  rasponded  quite 
readily  to  radiotherapy  throughout  the  entire  tine  of  hla  treataent.  The 
heaoglobln  remained  at  naar  normal  1  avals  until  lata  July  1957  whan  It  began 
to  fall.  The  platelet  count  remained  normal  until  August  1957  *nd  it  then 
began  to  fall.  The  differential  count  of  the  white  blood  cel.  remained  about  - 
50  per  cent  lymphocytes  and  50  per  cent  segmented  cells  until  his  last  admis¬ 
sion  whan  tha  cells  becaoe  predominately  lymphocytes  and  of  those,  the  pre¬ 
dominate  cell  was  the  lyxphoblast. 

He  was  adnltted  twice  for  transfusions,  once  in  August,  1957  and  again 
In  October,  1957.  During  his  last  admission  from  November  18,  1957  to  December  ; 
8,  1957,  he  received  4  transfusions  and  was  on  Meticorten,  10  mg.  svery  6  hours. 
ZXirlng  his  last  admission,  his  whits  blood  ctll  count  began  to  rise  and  reached 
the  level  of  20,000  at  the  tine  he  expired.  Bon*  narrow  studies  on  the  day 
before  death  showed  nany  lymphoid  cells,  few  granulocytic  cells  and  no  erythroid 
precursor  cell?;. 

Post-mortem  examination  on  this  patient  showed  the  followings 
1)  lymphosarcoma,  lymphocytic  type,  2)  lymphatic  leukemia,  chronic,  3)  leukemic 
Infiltration  of  the  liver,  spleen  and  kidneys,  4}  hypoplastic  anemia.  Repre¬ 
sentative  samples  of  each  of  the  tissues  from  this  man*s  post-mortem  examination 
have  been  sent  to  the  Armed  Forces  Institute  of  Pathology  to  Col.  Carl  Tessmer 
for  examination. 
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Comment*  This  elderly  man  with  clinically  evident  lymphosercona 
dlagnoeed  on  tissue  speelwents,  with  obvious  palpable  nodes  and  no  particular 
symptoms  or  atty  discomfort  which  kept  him  from  his  normal  activities  except 
for  the  final  anemia  which  brough  hla  to  the  hospital  on  his  last  admission* 
Except  for  the  abnormally  low  constant  level  of  his  white  blood  count*  he 
retained  a  normal  blood  picture  throughout  until  the  terminal  anemia.  He  was 
treated  with  total  body  radiation  In  divided  doses  and  localized  radiation 
to  anlarged  lymph  nodes  over  a  period  of  8  months.  He  developed  a  hypoplastic 
anemia  and  a  picture  of  lymphocytic  leukemia  at  the  time  of  hla  death  which 
was  clinically  of  the  acute  type  and  at  post-mortem  examination  showed  the 
histological  behavior  of  a  chronic  leukemia.  The  major  possibilities  for  this 
picture  eras 

1)  End  stage  lymphosarcoma  with  the  picture  of  a  so-called  leukosarcoeia* 

2)  Chronic  lymphocytic  leukemia  which  remained  aleukemic  until  the  terminal 
stage  and  then  became  acute  in  behavior.  This  is  quite  a  normal  course  for 
chronic  lymphocytic  leukemia  whether  the  patient  receives  chemotherapy  or 
radiation  therapy,  or  no  therapy. 

3)  Irradiation  produced  mutation  in  the  usual  course  of  lymphosarcoma  mani¬ 
festing  Itself  as  leukemia  in  the  final  stages. 

The  evaluation  of  effects  of  radiation  in  the  blood  dyscraslas  and 
lymphomas  Is  most  difficult  when  the  major  marker  is  the  blood  count  itself. 
This  will  vary  with  both  irradiation  and  with  the  primary  disease.  In  regard 
to  the  terminal  anemia  that  this  men  had,  this  also  Is  seen  in  both  the 
terminal  phase  of  blood  dyscraslas  from  crowding  of  the  bone  marrow  and  in 
total  body  radiation  but  at  higher  levels  than  this  man  received. 
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Case  6.  B.  P»  C>  Age 1 59  #115449 

Hlttoryt  This  muscular  rice  warehouse  worker  complained  of  shortness 
of  breath  for  6-7  weeks  and  left  chest  pain  for  3—4  weeks*  Left  upper  lobe 
pneumonia  was  diagnosed  on  3/22/57  and  treated  with  antibiotics.  He  was 
discharged  from  hospital  on  the  fifth  day  after  a<kalssion*  He  was  readaltted 
with  recurrence  of  cough  and  chest  pain  on  4/1/57.  The  area  of  consolidation 
of  the  left  upper  lung  field  had  Increased  and  cavitation  had  developed.  A 
diagnosis  of  squamous  cell  carcinoma  of  the  lung  was  made  by  needle  bicpsy 
on  4/10/57  and  the  patient  was  referred  for  radiotherapy* 

Treatment*  4/15/57  -  150r  total  body  irradiation  (2  MeV  x-ray,  rotation 
method,  dose  measured  in  air  and  axis  of  rotation,  4.4  megagram  roentgens 
integral  dose).  4/17/57  -  4/22/57  -  1200r  tumor  dose  delivered  to  a  lesion 
in  the  left  upper  lung  field  (opposing  15  x  15  cm.  .lelds,  250  Kv  radiation, 

Hvl.  2.2  mm.  Cu.,  integral  dose  5.4  mg/r)* 

Clinical  courses  Following  total  body  radiation,  there  was  no  malaise, 
nausea  or  symptoms  of  any  kind.  The  patient  was  transported  by  ambulance 
between  the  hospital  and  the  building  housing  the  2  MeV  Van  de  Graaff.  He  was 
under  close  observation  for  a  period  of  three  hours  following  radiation.  The 
exposure  was  over  a  period  of  40  minutes,  from  3 >00  to  3>40  p.m.  He  ate  a 
normal  hospital  evening  meal  at  5<30  p.m.  and  slept  soundly  through  the  night 
without  medication  of  any  kind.  On  the  first  post-radiation  day,  w»  change  in 
his  condition  could  be  observed.  He  reported  no  untoward  symptoms,  his  appetite 
was  normal  and  he  was  up  and  about  hospital  ward  as  he  had  been  prior  to  rad  I  at  ion. 

On  the  second  hospital  cay  following  total  body  radiation,  local  therapy 
to  the  carcinoma  of  the  lung  was  begun  and  he  received  a  daily  dose  of  200r 
during  the  next  week  as  above  described.  He  showed  no  change  during  this  period. 
He  tolerated  treatment  well  without  neausea  and  with  no  change  in  strength  or 
appetite.  Treatment  was  Interrupted  at  this  time  in  accordance  with  a  policy 
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of  awaiting  the  effect*  of  Initial  treatment  so  that  clearing  of  pneumonia  and 
regression  of  tumor  would  permit  more  precise  localization;  the  use  of  smaller 
treatment  fields  and  the  treatment  of  a  smaller  volume  of  tissue. 

On  May  1,  1957,  while  still  In  hospital,  he  first  showed  cerebral 
symptoms  and  stiff  neck.  The  first  clinical  suspicion  was  cerebral  metastases 
and  on  May  2,  1957,  an  electroencephalogram  was  made  but  this  was  normal.  The 
clinical  symptoms  of  meningitis  developed  and  this  was  now  associated  with 
leukopenia  and  thrombocytopenia  as  shown  in  Figure  23.  There  were  no  electro¬ 
phoretic  studies  done  on  the  plasma  protein  fractions  throughout  his  entire 
hospital  and  clinic  visits.  Treatment  by  antibiotics  for  the  meningitis  and 
by  transfusion  and  Cortisone  for  the  leukopenia  and  thrombocytopenia  did  not 
alter  the  clinical  signs  or  symptoms..  No  bleeding  tendency  developed.  He 
became  terminal  and  died  on  May  12,  1957. 

Post-mortem  showed  a  purulent  meniroitis,  bilateral  bronchial  pneumonia, 
squamous  cell  carcinoma  of  the  lung  and  bilateral  adrenal  atrophy.  Tissue 
blocks  from  this  post-mortem  examination  has  been  sent  to  Col.  Carl  Tessmer  of 
the  Armed  Forces  Institute  of  Pathology  for  study. 

Comment*  The  importance  of  this  case  lies  in  its  bearing  on  the  concept 
of  minimal  lethal  dose.  The  150r  total  body  radiation  that  this  patient  received 
and  the  additional  1200r  tumor  dose  (delivered  to  the  site  of  the  primary  lung 
cancer)  were  not  considered  as  an  amount  of  radiation  that  would  even  approach 
the  local  or  systemic  tolerance  level.  The  plan  of  treatment  based  upon  cv:r 
estimate  of  normal  tolerance  would  have  been  to  aid  at  least  an  additional 
3,000r  tumor  dose  to  the  primary  lung  cancer.  The  falling  white  and  platelet 
counts  first  noted  on  May  1,  1957  was  at  first  surprising  but  not  alarming. 

The  interpretation  of  cerebral  symptoms  as  probable  cerebral  metistaces  dis¬ 
tracted  attention  from  the  possible  significance  of  leukopenia  Indicating  a 


hazard  of  infection*  On  recognition  of  the  Infection,  an  Intensive  regime 
of  antibiotic  therapy  failed  to  control  hi*  complication  which  was  the  cause 
of  his  death* 

There  are  four  possible  interpretations  hares 

1.  The  amount  of  radiation  the  patient  received  represents  a  minimal  lethal 
dose  and  that  death  is  a  direct  result  of  radiation* 

2.  The  patient  did  have  a  dysgamaglobullnemla  and  the  susceptibility  to 
infection  whidt  with  the  added  stress  of  radiation,  was  responsible  for  the 
train  of  events  leading  to  his  death* 

3*  The  patient,  having  an  overwhelming  infection  such  as  pneumococcus  meningitis 
linked  with  the  effect  of  total  body  raaiatlon,  manifested  the  extreme  leuko¬ 
penia  which  indicated  his  very  poor  reslstence  to  the  infection  and  therefore 
resulted  in  his  death* 

4.  This  patient  suffered  from  a  disorder  manifested  as  a  dysgararaaglobu'linemia, 
a  low  reslstence  to  infection  which  was  the  participating  factor  in  the  terminal 
meningitis,  and  that  the  association  with  the  partial  course  of  radiation  was 
coincidental.  The  question  cannot  be  settled  for  this  case* 

The  bearing  of  this  study  to  tolerance  to  radiation  is  tc  indicate  that 
when  very  large  numbers  of  the  population  are  subjected  to  radiation  as  in  the 
event  of  the  atomic  disaster,  we  must  be  prepared  to  accept  a  very  low  amount 
of  radiation  as  the  minimal  lethal  dose,  even  less  than  lOOr.  This  is  because 
there  will  be  individuals  with  either  manifest  or  occult  competing  disease 
whose  demise  will  either  coincide  with  exposure  to  radiation  or  may  be  hastened 
by  or  ascribed  to  radiation* 

The  maximum  lethal  dose  will  not  be  altered  by  the  presence  of  ill  or 
vulnerable  Individuals  in  the  radiated  group  and  there  are  no  known  factors 
other  than  an  error  In  dosimetry  which  would  increase  the  value  by  which  one 
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might  estimate  the  maximum  lethal  dose* 

The  LD  50  will  be  diminished  by  factors  depressing  the  minimal  lethal 
dose  and  It  Is  doubtful  if  any  estimate  expressed  as  a  single  value  has  worth¬ 
while  meaning  unless  the  spectrum  of  health  and  disease  In  the  radiated  popu¬ 
lation  can  be  closely  appraised* 

CONCLUSION  AND  FUTURE 

1*  The  dosimetry  of  radiation  exposure  is  of  particular  Importance  for  the 
comparison  of  technics  in  different  institutions,  for  the  comparison  of 
clinical  and  laboratory  observations  and  for  relating  radiation  effects  under 
these  circumstances  to  those  which  might  be  encountered  under  field  conditions. 

It  should  not  be  anticipated,  however,  that  ever  increasing  precision  of  physical 
measurements  will  contribute  importantly  to  the  study  until  the  biologic  response 
to  radiation  can  be  measured  with  equal  precision*  This  is  not  to  say  that  physical 
measurements  are  unimportant  by  any  means.  The  care  with  which  they  are  recorded 
will  permit  duplication  of  the  conditions  of  radiation  exposure  In  different 
Institutions  and  will  permit  the  re-evaluation  In  the  future  should  a  change  In 
biologic  measurement  become  available* 

2*  In  the  attempt  to  find  a  quantitative  relation  between  physical  dosimetry 
and  biologic  response  to  radiation,  iron  metabolism  and  hematopoiesis  have  been 
studied  extensively.  At  levels  below  200r  total  body  radiation  in  a  single 
exposure,  some  Interference  is  detected  with  the  disappearance  of  injected  radio- 
iron,  but  the  utilization  it  not  altered  in  any  usefully  sensitive  degree.  This 
is  at  odds  with  the  findings  of  Hennessy  and  Huff  who  detected  changes  in  rats 
at  levels  as  low  as  23r.  This  basic  work  must  be  repeated* 

Gastro-lntestinal  function  may  lend  itself  to  quantitative  estimation  of 
injury.  The  sensitivity  of  the  gastro-lntestinal  mucosa  is  well  documented  from 
symptomatology  of  radiation  sickness  and  by  pathologic  studies  of  gross  and 
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microscopic  studies.  Several  radiotctive  tracers  have  in  recent  years  been 
employed  in  measurement  of  gastro-iniesitnal  absorptive  capacity*  These  are 
1-131  labeled  serum  protein  (RISA),  1-131  labeled  fat  and  fatty  acids,  and  Co-60 
labeled  vitamin  8j2«  We  propose  to  study  a  series  cf  patients  receiving  whole 
body  radiation  or  large  abdominal  field  radiation  therapy*  A  pre-treatment 
test  will  serve  as  control  of  subsequent  studies  to  be  carried  out  at  different 
intervals  atcer  the  radiation  exposure* 

3.  The  availability  of  a  heart-lung  preparation  used  in  cardiac  surgery  made 
possible  the  study  of  intensive  radlatlonof  blood  in  extra-corporeal  circulation* 
One  observation  was  that  when  plasma  from  doqs  so  irradiated  was  given  to  normal 
animals,  this  was  followed  by  a  sustained  rise  in  hemoglobin  and  a  radio  iron 
picutre  suggestive  of  a  secondary  polycythemia*  This  bizarre  reaction  has  been 
duplicated  and  appears  to  merit  further  study* 

4.  Studies  have  been  begun  on  lethal  dose  of  total  body  radiation  in  dogs* 
The  purpose  here  is  to  develop  experience  in  technics  of  marrow  transfusion 
in  preparation  to  extending  this  observation  to  primates* 

Continued  observations  on  human  patients  receiving  total  body  Tadiatloa 
emphasize  that  the  minimal  lethal  dose  that  may  be  ascribed  to  radiation  will 
be  lowered  by  the  presence  of  concomitant  disease.  The  presence  of  occult 
factors  which  might  be  responsible  for  Increased  susceptibility  to  infection  or 
undiagnosed  anemia  might  lead  to  complications  and  death  associated  with  levels 
of  total  body  exposure  of  lOOr  or  less. 
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